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(54) Derives de 2-pyrrolidone, leur precede de preparation et leurs applications e 

(57) L'invention a pour objet de nouveaux derives de 2- 
pyrrolidone de formule generale I: 



5 

CD 
O) 
CD 

CN 



ou A represente un atome d'azote ou un groupe 
^CH-, et 

Q un groupe diphenylmethylene lorsque A est un atome 
d'azote, diphenylcarbinol ou phenylcarbonyle lorsque A est 
un groupe 

^CH-. 

Ces composes sont utiles en therapeutique en tant 
qu'antagonistes 5HT 2 . 
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L' invention concerne de nouveaux derives de 
2-pyrrolidone et leurs applications en therapeutique dans 
les disfonctionnements lies aux recepteurs de la seroto- 
nine de type 5HT 2 . 

Les recepteurs 5 HT 2 sont largement repandus 
dans le corps humain, aussi bien dans le systeme nerveux 
central, qu'en peripherie. II a ete montre en particulier 
que la stimulation des recepteurs 5HT 2 provoquait au 
niveau central un effet anxiogene, au niveau du systeme 
vasculaire une contraction des muscles lisses, l'agrega- 
tion plaquettaire et favorisait la formation d'oedeme par 
augmentation de la permeabilite capillaire. 

Par ces memes recepteurs, la serotonine 
induit egalement une contraction des muscles lisses du 
systeme respiratoire, gastrointestinal et urogenital. 

Un antagoniste 5HT 2 est done potentiellement 
capable de s'opposer a ces differents phenomenes, et de 
posseder par consequent des activites antihypertensives, 
antimigraineuses , antiagregantes plaquettaires, antiis- 
chemiques en favorisant la circulation collaterale, 
antiallergiques en diminuant la permeabilite capillaire, 
antiasthmatiques en reduisant le spasme bronchique et 
egalement spasmolytiques au niveau gastrointestinal ou 
urogenital . 

De nombreux composes sont connus pour 
antagoniser les effets de la serotonine sur les recep- 
teurs 5HT 2 : 

- des derives de tetrahydrothieno [3,2-d]pyrimidine-2,4- 
dione (US-A-4 835 157) tels que : 




2696744 



- des derives de quinazolinedione (EP-A-13 612) tels que 
la ketanserine : 



Y 



10 - des derives de diphenylcarbinol piperidine (EP-A-301 
936) tels que des composes de formula : 




dans laquelle R a est un a tome d' hydrogen© ou un groupe 
methyle et R b est un groupe 2-pyrimidinyle. 



Par ailleurs, dans WO-A-8805435, on a decrit 
25 des derives de 4-dipheny line thy 1 piperazine de formule : 




dans laquelle R est un groupe heterocyclique, 
comme possedant des proprietes antiallergiques . Aucune 
35 activite 5HT 2 n'a ete mentionnee. 
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Enfin, le brevet europeen EP-A-136 658 decrit 
des composes de formule generale : 



dans laquelle R L est un atome d'hydrogene ou un groupe 
alkyle, R 2 est un noyau phenyle ou pyridyle et NR 3 R 4 peut 
former un cycle piperazine eventuellement substitue en 
4- par un methyle, comme ayant une activite nootrope et 
antihypoxique . 

La presente invention vise a fournir de 
nouveaux composes antagonistes des recepteurs a la 
serotonine 5HT 2 . 

La presente invention a ainsi pour objet des 
composes de formule I 



(I) 



dans laquelle : 
- A est un atome d' azote ^N - 
groupe diphenylmethylene Z t 



^N-, et alors Q represente un 
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dans lequel R t et R 2 sont choisis independamment 1 1 un de 
1 ' autre parmi un atome d ' hydrogene et un atome d ' haloge- 
ne, 

- ou bien A est un groupe ^CH-, et alors Q represente, 
5 soit un groupe phenylcarbonyle Z 2 , soit un groupe 



10 




dans lequel R 3 est choisi parmi un atome d' hydrogene, un 
atome d'halogene et un groupe alkoxy en C^^. 



15 




20 dans lequel R t et R 2 ont la meme signification que prece- 
demment , 

et leurs sels avec des acides pharmaceutiquement accep- 
tables . 

Les "sels d' addition avec des acides pharma- 
25 ceutiquement acceptables" designent les sels qui donnent 
les proprietes biologiques des bases libres, sans avoir 
d'effet indesirable. Ces sels peuvent etre notamment ceux 
formes avec des acides mineraux, tels que l'acide 
chlorhydrique, 1 ' acide bromhydrique, 1 ' acide sulfur ique, 
30 l'acide nitrique, l'acide phosphorique; des sels metalli- 
ques acides, tels que 1 ' orthophosphate disodique et le 
sulfate monopotassique, et des acides organiques, tels 
que l'acide formique, l'acide acetique, l'acide propioni- 
que, l'acide glycolique, l'acide oxalique, l'acide 
35 fumarique, l'acide maleique, l'acide citrique, l'acide 
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malonique, 1 ' acide methane sulfonique, 1 ' acide lactique, 
I'acide succinique, 1' acide tartrique. 

La presente invention englobe les stereoiso- 
mers contenus dans la formule generale I. 

Les composes preferees sont les composes de 
formule I dans laquelle A represente un groupe ^CH- et 
Q un groupe Z 2 , R 3 etant un atome d'halogene, de prefe- 
rence un atome de fluor. 

Les composes de formule generale I peuvent 
etre obtenus par condensation entre une piperazine ou une 
piperidine de formule II et un derive de pyrrolidone de 
formule III, selon le schema 
-Liv 



rC 

/ \ + HN A- 



in \ ii 

ou A-Q ont la meme signification que precedemment, et ou 
Liv represente un groupe partant tels que trifluorome- 
thanesulfonate, halogene ou de preference un groupe 
tosylate. 

La reaction peut etre effectuee dans un 
solvant tel que l'ethanol chauffe au reflux en presence 
d'une base telle que l'ethylate de sodium et la triethy- 
lamine . 

Les derives actives III peuvent etre prepares 
a partir de l'alcool correspondent IV 

-OH 
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par action par exemple du chlorure de tosyle dans la 
pyridine. 

L ' alcool IV peut etre obtenu par reduction de 




par 1' action du borohydrure de sodium dans le methanol 
ou l'ethanol a temperature ambiante. 

L' ester de formule V peut etre obtenu par 
action de la neopentylamine sur 1 ' itaconate de dimethyle . 

Les enantiomeres peuvent etre obtenus a 
partir de l'acide l-(2,2-dimethylpropyl)-pyrrolidine-2- 
one-4-carboxylique (VI) par dedoublement , en effectuant 
des cristallisations selectives des sels diastereoisome- 
res obtenus avec une base optiquement active, telle que 
la quinine. L'acide VI optiquement pur est alors convert! 
en ester V et est traite comme dans la suite des reac- 
tions deja decrites pour fournir les composes de formule 
generale I optiquement purs. L'acide VI peut egalement 
etre reduit directement en alcool IV par un reducteur tel 
que I 2 -NaBH 4 . 

Les exemples suivants illustrent la prepara- 
tion des composes de formule I : 



EXEMPLE 1 

Preparation de la l-(2,2-dimethylpropyl)-4- 
( 4-diphenylmethyl piperazinomethyl ) -2-pyrrolidone . 
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La 1 - ( 2 , 2-dimethylpropyl ) -4- ( tosyloxymethyl ) 
2-pyrrolidone (20,9 g; 0,0615 mole) et la N-diphenylme- 
thyl piperazine (15,5 g; 0,0615 mole) sont dissoutes dans 
120 ml d'ethanol et 15 ml de triethylamine . La solution 
5 est chauffee au reflux sous agitation pendant 24 heures. 
Le milieu est evapore a sec, repris par du dichlorome- 
thane, lave a l'eau. Apres sechage sur Na 2 S0 4 et evapora- 
tion de la phase organique, le residu est recristallise 
dans 1 1 isopropanol pour donner 14,2 g (57 %) du produit 
10 attendu. F = 144° C. 

EXEMPLE 2 

Preparation du fumarate de l-( 2, 2-dimethyl- 
propyl ) -4- ( 4-diphenylmethylpiperazinomethyl ) -2-pyrroli- 
15 done. 

Le produit precedent (2,1 g; 0,005 mole) est 
dissous dans 70 ml d'ethanol. L'acide fumarique (0,58 g; 
0,005 mole) est ajoute en solution dans 25 ml d'ethanol. 
La solution est concentree sous vide et le residu triture 
20 dans 1' ether. Les cristaux obtenus sont collectes par 
filtration : on obtient 2,3 g. F = 187° C (dec). 

EXEMPLE 3 

Preparation de la l-( 2, 2-dimethylpropyl) -4- 
25 ( 4-diphenylmethyl piperazinomethyl ) -2-pyrrolidone levogy- 
re. 

Le produit est obtenu selon la methode 
decrite dans l'exemple 1 a partir de diphenylmethyl 
piperazine (1,5 g; 5,9 mmoles) et de la ( 2, 2-dimethylpro- 
30 pyl)-4-tosyloxymethyl pyrrolidine- 2 -one levogyre (2g; 5,9 
mmoles ) . Le produit est recristallise dans 1 1 acetone puis 
1' ether isopropylique. F : 143-145° C. 

[a]£ : - 14,4° (c=2, ethanol). 

35 
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EXEMPLE 4 

Preparation de la l-(2,2-dimethylpropyl)-4- 
[4- ( 4-f luorobenzoyl ) piperidinomethyl] -2-pyrrolidone. 

Le paratoluenesulfonate de 4- (4-f luoroben- 
5 zoyl) piperidine (11,5 g; 28,8 mmoles) est ajoute a une 
solution d'ethanolate de sodium preparee a partir de 0,67 
g de sodium et 200 ml d'ethanol. A ce melange sont 
ajoutees la l-(2,2-dimethylpropyl)-4-tosyloxymethyl 2- 
pyrrolidone (10 g; 29,4 mmoles) et la triethylamine (20 
10 ml ) . 

Apres 24 heures de chauffage au reflux du 
solvant, le milieu est evapore a sec et repris par du 
dichloromethane. L' insoluble est filtre et la phase 
organique lavee avec une solution aqueuse saturee en 
15 chlorure de sodium. Apres sechage sur Na 2 S0 4 le solvant 
est chasse sous vide. Le residu est purifie sur une 
colonne de silice en eluant par 1' acetone. Le produit est 
ensuite recristallise dans 1' ether isopropylique. On 
obtient 5,6 g (52 %). F : 114-115,5° C. 

20 

EXEMPLE 5 

Preparation de la l-(2, 2-dimethylpropyl)-4- 
( 4-f luorobenzoyl piperidinomethyl ) -2-pyrrolidone levogy- 
re. 

25 Le paratoluenesulfonate de 4- (4-f luoroben- 

zoyl) piperidine (1,82 g; 4,8 mmoles) est traite par la 
triethylamine (3 ml) dans l'ethanol (35 ml). Au melange 
est ajoutee le l-(2, 2-dimethylpropyl)-4-tosyloxymethyl 
2-pyrrolidone levogyre (1,36 g; 4 mmoles). Le milieu 

30 reactionnel est chauffe au reflux pendant 24 heures. 
Apres evaporation du solvant, le residu est repris par 
le dichloromethane. La phase organique est lavee par une 
solution de soude 1M, sechee sur Na 2 S0 4 et evaporee. Le 
residu est purifie sur une colonne de silice en eluant 

35 par 1' acetone. Le produit est recristallise dans 1' ether 
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isopropylique:on obtient 0,62 g, 41 %. F = 91,5-92,5° C. 
[a]^ 3 = - 24,9° (c=2, CHC1 3 ) 
EXEMPLE 6 

Preparation de la l-(2,2-dimethylpropyl)-4- 
[ 4- ( diphenylhydroxymethyl ) piperidinomethyl ] -2-pyrrolido- 
ne. 

Le produit est prepare selon les conditions 
decrites a l'exemple 4 a partir du chlorhydrate de 4- 
( diphenylhydroxymethyl) piperidine (22,38 g; 73,6 mmoles) 
et de la l-(2,2-dimethylpropyl)-4-tosyloxymethyl-2-pyr- 
rolidone (25 g; 73,6 mmoles). Le produit est purifie sur 
colonne de silice en eluant a 1' acetone et recristallise 
dans un melange ether isopropylique-ethanol 6:1. 
F = 154-156° C. 

Les caracteristiques des composes de formule 
I obtenus par la methode decrite dans les exemples 
precedents, sont donnees dans les tableaux I et II. 



TABLEAU I 
Composes de formule I 
ou A est ^>N- et Q est Z 1 



Exemple 


R i 


R 2 


F °C 


Sel 


7 


CI 


H 


221-223,5 


2 HC1 


8 


F 


F 


112-119 


base 



TABLEAU II 

Composes de formule I 
30 ou A est ^CH- et Q est Z 2 



Exemple 


R 3 


F °C 


Sel 


9 


0CH 3 


108-112 


base 
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Le mode operatoire permettant d'obtenir les 
derives de formule generale III, ou Liv est un groupe 
tosylate, est donne ci-apres a titre d'exemple. 

5 EXEMPLE A 

1- ( 2 , 2-dimethylpropyl ) -4- ( tosyloxymethyl ) -2- 

pyrrolidone . 

a ) 1- ( 2 , 2-d±m6thulpropvil ) -4-m6thoxvcarbonul- 
10 2 - pyrrol idone 

A une solution de neopentyl amine (87 g; 1 
Mole) dans du methanol (50 ml) refroidie entre 8 et 16° 
C, est ajoute de l'itaconate de dimethyle (158 g; 1 
mole ) . 

15 La reaction est agitee une nuit a temperature 

ambiante, puis le solvant evapore sous vide. Le residu 
est distille sous pression reduite : Eb (0,5 mm) : 111° 
C, on obtient 160 g (75 %). 

20 b ) 1- ( 2 , 2 -dimethyl propyl ) -4- (hudroxumSthul ) - 

2-piirrolLdone 

Une solution du produit obtenu a l'etape 
precedente (130 g; 0,61 mole) dans du methanol (900 ml) 
est refroidi a 6° C. Le borohydrure de sodium (118 g; 3,1 

25 mole) est ajoute par petites quantites pour garder la 
reaction a une temperature comprises entre 6 et 20° C. 
En fin d' addition la reaction est abandonnee 12 heures 
a temperature ambiante, puis portee 1 heure a 55° C. Le 
milieu reactionnel est ensuite concentre, repris par de 

30 l'eau, puis extrait au dichloromethane. La phase organi- 
que est sechee puis evaporee. le residu est distillee, 
Eb/0,5 = 154° C, on obtient 70,7 g (62 %) de produit. 

35 
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c ) 1- ( 2 , 2-d±m6thulvroyyl ) -4- ( tosuloxum^tvl ) - 
2 - purrol idone 

A une solution de l'alcool obtenu a l'etape 
precedente (67,7 g; 0,366 mole) dans la pyridine (75 ml) 
5 et refroidie vers 8° C, est additionne lentement du 
chlorure d'acide para-toluene sulfonique (76,4 g; 0,4 
mole). Apres 12 heures d' agitation a temperature ambian- 
te, le milieu reactionnel est dilue par le dichlorome- 
thane, puis verse sur une solution d'acide chlorhydrique 
10 6N glacee (100 ml). La phase organique est decantee, 
sechee (Na 2 S0 4 ) concentree sous vide. Le residu est 
cristallise dans 1' ether isopropylique et collecte par 
filtration : on obtient 109 g (88 %), F = 91° C. 



15 EXEMPLE B 

1- ( 2, 2-dimethylpropyl ) -4-tosyloxymethyl-2- 
pyrrolidone levogyre. 

a) l-(2,2-dlm6thulprovnl ) -4-carboxu-2-Durro- 

1 Idone 

20 L'ester obtenu a l'exemple A a) (23,5 g; 0,11 

mole) est dissous dans une solution d'ethylate de sodium 
obtenu a partir de 2,6 g de sodium et 90 ml d'ethanol. 
De l'eau est ajoutee (25 ml). Apres 24 heures d' agita- 
tion, de 1' ether (150 ml) est ajoute a la suspension. 

25 L' insoluble est essore puis dissous dans l'eau. La 
solution est acidifiee par l'acide chlorhydrique. Le 
solide qui precipite est essore, puis seche sous vide en 
presence de P 2 0 5 . F(inst. ) = 93-97° C. 

b) l-(2, 2-d±m§thulprovul ) -4-carboxu 2-purro- 
30 lidone levoqure 

L'acide obtenu a l'etape precedente (25 g; 
0,125 mole) et de la quinine (40,7 g; 0,125 mole) sont 
portes au reflux dans un melange acetate d ' ethyle-ethanol 
(600 ml) (13/1). Le solide obtenu apres refroidissement 
35 est recristallise quatre fois dans un melange acetate 
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d'ethyle-ethanol (10:1). 

Le sel obtenu (18,5 g) est mis en suspension 

dans l'eau (200 ml). Le milieu est acidifie par 35 ml 

d'acide chlorhydrique concentre, puis extrait par du 

5 dichloromethane . La phase organique est sechee, puis 

evaporee pour donner un solide (6,6 g). F = 140-159° C. 

[a] 23 = - 12,8° (c=4, ethanol). 
D 

L'isomere dextrogyre peut etre obtenu a 
partir des eaux meres de la premiere cristallisation, en 
10 evaporant le filtrat a sec et en recristallisant dans un 
melange ethanol-eau. 

c ) l-(2,2-dim§thulDroml ) -4-hydroxum6th.ul-2- 
pt/rrolidone lSvocmre 

L'acide optiquement act if obtenu a l'etape 
15 precedente (3,3 g) en suspension dans 15 ml de THF est 
ajoute a une suspension de NaBH 4 (0,76 g). Apres une 
heure d' agitation a temperature ambiante, une solution 
d'iode (3,1 g) dans 10 ml de THF est ajoutee goutte a 
goutte. Apres une heure d 1 agitation, le milieu est 
20 hydrolyse par une solution d'acide chlorhydrique 3N (10 
ml ) . L ' insoluble est elimine par filtration et le filtrat 
evapore a sec. Le residu est repris par du dichlorome- 
thane, lave par de l'eau, puis par une solution saturee 
de NaCl. Apres sechage, le solvant est evapore. Le residu 
25 est purifie par chromatographie sur colonne de Si0 2 en 
eluant par un systeme acetate d ' ethyle-methanol (9:1) : 
on obtient un produit solide. F = 44-50° C. 

[a] 24 = - 18,25° (c=4, ethanol). 

d) 1- ( 2 , 2-d±m§thulpropnl ) -4-tosuloxvm£thiil- 
30 2-purrolldone levocyure 

Le produit est obtenu dans les memes condi- 
tions que celles decrites dans 1 ' exemple Ac). On obtient 
un solide. F = 85-98,5° C. 

[a]J 4 = - 4,2° (c=4, EtOH). 

35 
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On donnera ci-apres des resultats d'essais 
pahrmacologiques qui montrent que les composes de formule 
5 I sont capables de s'opposer in vitro et in vivo aux 
effets de la serotonine. lis montrent egalement qu'ils 
sont capables de s ' opposer a des reactions d ' hypersensi- 
bilite, ou d ' hyperpermeabilite capillaire qui sont des 
modeles de reaction allergique. 

10 

Activite in vitro : aorte isolee de lapin 

reserpine 

Le test a ete effectue selon la methode de E. 
Apperley [Br. J. Pharmacol., (1976), 56, 211-221]. Les 

15 courbes de contraction isometrique sont realisees pour 
des doses cumulees de serotonine en absence, puis en 
presence d ' antagonistes a 3 concentrations differentes. 
Les resultats sont exprimes en pA 2 (tableau III), obtenus 
a partir de la droite de Schild. Le pA 2 represente 

20 l'af finite des composes vis-a-vis du recepteur 5HT 2 . II 
correspond au logarithme, change de signe, de la concen- 
tration molaire d 1 antagoniste qui necessite le doublement 
de la concentration d'agoniste pour obtenir le meme 
niveau de contraction de 1' aorte qu'en 1' absence d'anta- 

25 goniste. 



30 



35 
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TABLEAU III 
Activite sur organe isole 



Exemples 


PA 2 


2 


8,75 


3 


8,50 


4 


9,18 


5 


9,41 


6 


8,22 


7 


7,72 


8 


7,33 


9 


7,34 



Activite in vivo, rats amveles 
20 L ' hypertension arterielle induite par une 

dose de serotonine (30 ug/kg i.v. ) en presence d'antago- 
nistes (administres i.v. a des doses cumulees) est 
etudiee sur des rats amyeles selon la methode de Gillep- 
sie et Muir. Les resultats sont representes en ED 50 , dose 
25 d'antagoniste qui diminue de 50 % 1 'hypertension induite 
par la serotonine (tableau IV). 



30 
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TABLEAU IV 

Inhibition de 1 1 hypertension induite par la serotonine 
sur des rats amyeles 



Exemples 


ED 50 mg/kg i.v. 


1 2 


0,03-0,1 


3 


0,03 


4 


0,001 


5 


0,001 


6 


0,1 | 


7 


0,03-0,1 


8 


0,1 


9 


0,003 



15 

Hyperpermeabilite capillaire 
Le test des papules induites par la seroto- 
nine est realise selon la methode de M.L. Cohen [Life 
Sciences, (1989), 44, 957-961]. 

20 L 1 administration de serotonine (0,3 ug) par 

voie intradermique abdominale, chez des rats Wistar, 
induit une extravasation plasmatique mise en evidence 
par le bleu Evans i.v. et quantifiee par le dosage du 
colorant au niveau de la papule. Le produit a etudier 

25 est administre par voie i.p. 20 minutes avant 1' injec- 
tion de serotonine et 40 minutes avant le prelevement 
des papules. Elles sont placees a 54° C, 24 heures dans 
du formamide. 

Apres centrifugation, la densite optique du 

30 surnageant est mesuree a 620 nra. Les resultats sont 
exprimes en pourcentage d' inhibition de 1 1 extravasation. 
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TABLEAU V 

Inhibition de 1 ' hyperpermeabilite capillaire 
induite par la serotonin© 



Exemples 


Dose mg/kg 


Inhibition 




i.p. 


% 


2 


3 


63 *** 


3 


3 


41 *** 


4 


0,03 


69 *** 


5 


0,03 


76 *** 


6 


0,01 


52 *** 


7 


3 


89 *** 


8 


3 


70 *** 


1 9 


1 


47 *** 



15 * : p < 0,05 1 

** : p < 0,01 test t de Student 
*** : p < 0,00lj 

Anaphylaxie cutanee passive 

20 Le test est realise selon la methode de E. 

Bitteau [J- Pharmacologic Paris, (1979), 10, 69-72]. des 
rats Wistar sont sensibilises par injection d'anticorps 
antialbumine par voie intradermique au niveau abdominal. 
72 heures apres, lis recoivent par voie veineuse de 

25 l'albumine. L ' extravasation plasmatique est mise en 
evidence comme dans le test decrit precedemment par 
administration de bleu Evans et prelevement des papules 
abdominales 30 minutes plus tard. L' expression des 
resultats represente 1' inhibition d ' extravasation plas- 

30 matique induite par 1' injection i.p. des produits a 
etudier 30 minutes avant administration d'albumine. 
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TABLEAU VI 

Inhibition de 1 ' anaphylaxis cutanee passive 
induite par l'albumine 





Doses mg/kg 


Protection 




i.p. 


en pourcent 


Exemple 4 


0,1 


o j 




0,3 


41 % 




1 


61 % 



Les composes de formule I possedent egalement 
10 une activite antagoniste des recepteurs a la serotonine 
au niveau du systeme nerveux central. Cette activite est 
mise en evidence par le test suivant : 

inhibitio n du syndrome au 5HTP 
15 L ' administration de 5 -hydroxy tryptamine et de 

carbidopa provoque une elevation importante de la 
concentration cerebrale de serotonine. Le rat ainsi 
traite presente des stereotypies (secousse de la tete) 
reliees a une activation des recepteurs 5HT 2 . L'inhibi- 
20 tion de ces stereotypies par le produit a etudier est 
exprimee en pourcentage. Les resultats sont regroupes 
dans le tableau VII. 



25 



30 
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TABLEAU VII 
Inhibition du syndrome au 5HTP 



Exemples 


Dose mg/kg 
i.p. 


Inhibition en 
pourcent 


2 


0,3 


56 ** 


3 


0,3 


75 *** 


4 


0,01 


S3 *** 


5 


0,003 


61 * 


6 


0,03 


55 * 



10 

* : p < 0,05 1 

** : p < 0,01 > test t de Student 

*** : p < 0,001 J 

15 Les composes selon 1 1 invention s ' opposent aux 

effets de la serotonine au niveau des recepteurs 5HT 2 . 

Les composes sont actifs sur 1' animal en 
particulier sur des modeles d'allergie et presentent 
egalement une activite centrale. 

20 Les composes selon 1' invention peuvent done 

etre utiles pour le traitement des allergies, de 
l'asthme, de 1 ' hypertension, des troubles lies a la 
microcirculation comme le syndrome de Raynaud et la 
formation d'oedeme, mais aussi pour le traitement de la 

25 migraine, de la depression, de l'anxiete. 

Les composes peuvent etre administres chez 
l'homme par voie enterale ou parenterale a des posolo- 
gies journalieres de 1 a 500 mg. 



30 
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REVENDICATIONS 
1 - Composes de formule 



4 



V A-Q 

w 



10 dans laquelle : 

- A est un atome d' azote ^N-, et alors Q represente un 
groupe diphenylmethylene Z x 



R 2 

20 dans lequel R x et R 2 sont choisis independamment l'un de 
1' autre parmi un atome d'hydrogene et un atome d'haloge- 
ne, 

- ou bien A est un groupe }CH-, et alors Q represente, 
soit un groupe phenylcarbonyle Z 2 , soit un groupe 
25 diphenylcarbinol Z 3 



30 




dans lequel R 3 est choisi parmi un atome d'hydrogene, un 
atome d'halogene et un groupe alkoxy en C 1 -C 3 / 



35 
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ft 



dans lequel R x et R 2 ont la meme signification que prece- 
demment, 

et leurs sels avec des acides pharmaceutiquement accep- 
10 tables . 

2 - Composes de formule I selon la revendica- 
tion 1 dans laquelle A represente un groupe J^CH- et Q 
un groupe Z 2 , R 3 etant un atome d'halogene. 

3 - Composes de formule I selon la revendica- 
15 tion 2 dans laquelle R 3 est un atome de fluor. 

4 - Procede de preparation d'un compose selon 
la revendication 1, consistant a effectuer une condensa- 
tion entre un compose de formule : 



HN A — Q 

w 



dans laquelle A et Q ont la signification donnee a la 
25 revendication 1, 

avec un derive de pyrrolidone de formule : 



35 



dans laquelle Liv est un groupe partant. 
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5 - Composition therapeutique comprenant, a 
titre de principe actif, un compose selon 1 1 une quelcon- 
que des revendications 1 a 3. 
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[54] 2-pyrrolidone derivatives, processes for their preparation and their therapeutic 
applications. 



[57] The invention relates to new 2-pyrrolidone derivatives of general formula I: 

where A represents a nitrogen atom or a group 
and 

Q a diphenyl methylene group where A is a nitrogen atom, or diphenyl carbinol or 



phenylcarbonyl where A is a 1 group. 

These compounds are therapeutically useful as 5HT 2 antagonists. 
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The invention relates to new 2 -pyrrolidone derivatives and 
their therapeutic applications in malfunctions associated 
with type 5HT 2 serotonin receptors. 

5 5HT 2 receptors are widespread in the human body, both in the 
central nervous system and in the peripheral nervous system. 
It has been shown in particular that the stimulation of 5HT 2 
receptors creates an anxiogenic effect in the central 
nervous system, contraction of the smooth muscles in the 
10 vascular system, platelet aggregation, and encourages the 
formation of oedema through increasing capillary 
permeability. 

Through the same receptors serotonin also brings about 
15 contraction of the smooth muscles of the respiratory, 
gastrointestinal and urogenital systems. 

A 5HT 2 antagonist is therefore potentially capable of 
opposing these various phenomena, and as a consequence of 

20 having antihypertensive, ant i -migraine, anti-platelet 
aggregation activity, anti-ischaemic activity through 
encouraging collateral circulation, anti-allergenic activity 
through reducing capillary permeability, anti -asthmatic 
activity through reducing bronchial spasm, and also 

25 spasmolytic activity in the gastrointestinal or urogenital 
systems . 

Many compounds are known to antagonise the effects of 
serotonin on 5HT 2 receptors : 
30 - tetrahydrothieno [3 , 2-d] pyrimidine-2 , 4-dione derivatives 
(US-A-4 835 157) such as: 
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quinazolinedione derivatives (EP-A-13 612) such as 
ketanserine : 

5 




- diphenylcarbinol piperidine derivatives (EP-A-301 936) 
such as compounds of formula: 

10 




in which R a is a hydrogen atom or a methyl group and R b is a 
2 -pyrimidinyl group. 

15 

In addition to this, 4 -diphenylmethyl piperazine derivatives 
of formula: 
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m- 




in which R is a heterocyclic group, 

have been described in WO-A-8805435 as having anti- 
5 allergenic properties. No 5HT 2 activity has been mentioned. 

Finally, European patent EP-A-136 658 describes compounds of 
general formula: 



in which Ri is a hydrogen atom or an alkyl group, R 2 is a 
phenyl or pyridyl ring and NR 3 R 4 may form a piperazine ring 
which may be 4 - substituted by a methyl, having nootropic and 
15 anti-hypoxic activity. 

The object of this invention is to provide new compounds 
which are antagonists of 5HT 2 serotonin receptors. 

20 This invention therefore relates to compounds of formula I 




10 
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in which: 



- A is a nitrogen atom, and Q then represents a 

5 diphenylmethylene group Z ± 



in which Ri and R 2 are chosen independently of each other 
10 from a hydrogen atom and a halogen atom, 

- or A is a ^ CH ~| group, and Q then represents either a 
phenylcarbonyl group Z 2 or a diphenylcarbinol group Z 3 



Z 2 




15 

in which R 3 is selected from a hydrogen atom, a halogen atom 
and a Ci-C 3 alkoxy group 
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Z 3 




in which Ri and R 2 have the same meanings as previously, 
and their salts with pharmaceutical ly acceptable acids. 

5 

"Addition salts with pharmaceutical^ acceptable acids" 
refer to salts which have the biological properties of the 
free bases without having any undesirable effects. These 
salts may in particular be those formed with mineral acids, 

10 such as hydrochloric acid, hydrobromic acid, sulphuric acid, 
nitric acid, phosphoric acid; acid metal salts such as 
disodium orthophosphate and monopotassium sulphate, and 
organic acids, such as formic acid, acetic acid, proprionic 
acid, glycolic acid, oxalic acid, fumaric acid, maleic acid, 

15 citric acid, malonic acid, methane sulphonic acid, lactic 
acid, succinic acid, tartaric acid. 

This invention includes the stereoisomers present in general 
formula I . 

20 

The preferred compounds are compounds of formula I in which 
A represents a ^ CH "'lgroup and Q is a Z 2 group, R 3 being a 
halogen atom, preferably a fluorine atom. 

2 5 Compounds of general formula I can be obtained by 
condensation between a piperazine or piperidine of formula 
II and a pyrrolidone derivative of formula III, in 
accordance with the reaction scheme 
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where A-Q have the same meanings as previously, and where 
Liv represents a detachable group such as trif luoromethane 
5 sulphonate, halogen or preferably a tosylate group. 

The reaction may be carried out in a solvent such as ethanol 
heated under reflux in the presence of a base such as sodium 
ethylate and triethylamine . 



Activated derivatives III may be prepared from the 
corresponding alcohol IV 



15 through the action of, for example, tosyl chloride in 
pyridine . 

Alcohol IV may be obtained by reducing ester V 



10 
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through the action of sodium borohydride in methanol or 
ethanol at ambient temperature. 

5 

The ester of formula V may be obtained by the action of 
neopentylamine on dimethyl itaconate. 

The enantiomers may be obtained from 1- (2 , 2-dimethylpropyl) - 
10 pyrrolidine-2-one-4-carboxylic acid (VI) by folding, 
carrying out selective crystallisation of the 
diastereoisomer salts obtained with an optically active base 
such as quinine. Optically pure acid VI is then converted to 
ester V and is treated as in the remaining reactions already 
15 described to provide optically pure compounds of general 
formula I. Acid VI may also be reduced directly to alcohol 
IV by a reducing agent such as I 2 -NaBH 4 . 

The following examples illustrate the preparation of 
20 compounds of formula I: 

EXAMPLE 1 

Preparation of 1- (2 , 2 -dimehtylpropyl ) -4- (4 -diphenylmethyl 
2 5 piperazinomethyl) -2 -pyrrol idone . 

1- (2 , 2-dimethylpropyl) -4- (tosyloxymethyl) 2 -pyrrolidone (20 . 9 
g; 0.0615 mole) and N- diphenylmethyl piperazine (15.5 g; 
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0.0615 mole) were dissolved in 120 ml of ethanol and 15 ml 
of triethylamine . The solution was heated under reflux with 
stirring for 24 hours. The medium was evaporated to dryness, 
taken up in dichloromethane and washed with water. After 
5 drying on Na 2 S0 4 and evaporation of the organic phase, the 
residue was recrystallised from isopropanol to yield 14.2 g 
(57%) of the desired substance. MP = 144°C. 

EXAMPLE 2 

10 

Preparation of 1- (2 , 2 -dimethylpropyl ) -4- (4-diphenylmethyl- 
piperazinomethyl ) - 2 -pyrrolidone . 

The above substance (2.1 g; 0.005 mole) was dissolved in 
70 ml of ethanol. Fumaric acid (0.58 g; 0.005 mole) was 
added in solution in 25 ml of ethanol. The solution was 
concentrated under vacuum and the residue ground in ether. 
The crystals obtained were collected by filtration: 2.3 g 
was obtained. MP = 187 °C (decomposition) . 

EXAMPLE 3 

Preparation of laevorotatory 1- (2 , 2 -dimethylpropyl) -4- (4- 
diphenylmethyl piperazinomethyl ) -2 -pyrrolidone . 
25 

The substance was obtained using the method described in 
example 1 from diephenylmethyl piperazine (1.5 g; 5.9 mmols) 
and laevorotatory (2 , 2 -dimethylpropyl ) -4 - tosyloxymethyl 
pyrrolidine-2-one (2 g; 5.9 mmoles) . The product was 
30 recrystallised from acetone and then isopropyl ether. MP: 
143-145°C. 

t«3£ : -14.4° (c = 2, ethanol). 



15 



20 
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EXAMPLE 4 

Preparation of 1- (2 , 2 -dimethylpropyl ) -4- [4- (4-f luorobenzoyl ) 
piperidinomethyl ] - 2 -pyrrolidone . 

5 

4- (4-f luorobenzoyl) piperidine paratoluene sulphonate (11.5 
g; 28.8 mmoles) was added to a solution of sodium ethanolate 
prepared from 0.67 g of sodium and 200 ml of ethanol . 1- 
(2 , 2 -dimethylpropyl) -4 -tosyloxymethyl- 2 -pyrrolidone (10 g; 
10 29.4 mmoles) and triethylamine (20 ml) were added to this 
mixture . 

After 24 hours heating with the solvent under reflux, the 
medium was evaporated to dryness and taken up in 

15 dichloromethane . Insolubles were filtered out and the 
organic phase was washed with a saturated aqueous solution 
of sodium chloride. After drying over Na 2 S0 4 the solvent was 
removed under vacuum. The residue was purified on a silica 
column using acetone as eluent . The substance was 

20 subsequently recrystallised from isopropyl ether. 5.6 g 
(52%) was obtained. MP: 114-115. 5°C. 

EXAMPLE 5 

25 Preparation of laevorotatory 1 -( 2 , 2 -dimethylpropyl ) -4 - (4 - 
f luorobenzoyl piperidinomethyl) -2 -pyrrolidone . 

4- (4-f luorobenzoyl) piperidine paratoluene sulphonate (1.82 
g; 4.8 mmoles) was treated with triethylamine (3 ml) in 
30 ethanol (35 ml). Laevorotatory 1 -( 2 , 2 -dimethylpropyl ) -4 - 
tosyloxymethyl 2 -pyrrolidone (1.36 g; 4 mmoles) was added to 
the mixture. The reaction medium was heated under reflux for 
24 hours. After evaporation of the solvent the residue was 
taken up in dichloromethane. The organic phase was washed 
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using 1M caustic soda solution, dried on Na 2 S0 4 and 
evaporated. The residue was purified on a silica column 
using acetone as eluent. The substance was recrystallised 
from isopropyl ether: 0.62 g, 41% was obtained. MP = 91.5 - 
5 92.5°C. 

[al, 3 = -24.9° (c = 2, CHC1 3 ) 

EXAMPLE 6 

10 Preparation of 1- (2 , 2 -dimethylpropyl ) -4- [4- (diphenyl- 
hydroxymethyl ) piperidinomethyl] -2 -pyrrol idone . 

The substance was prepared in accordance with the conditions 
described in example 4 from 4- (diphenylhydroxymethyl) 

15 piperidine hydrochloride (22.38 g; 73.6 mmoles) and l-(2,2- 
dimethylpropyl) -4-tosyloxymethyl-2-pyrrolidone (25 g; 73.6 
mmoles) . The substance was purified on a silica column with 
acetone as eluent and recrystallised from a 6:1 mixture of 
isopropyl ether-ethanol . 

20 MP = 154-156°C. 

Characteristics of the compounds of formula I obtained by 
the method described in the above examples are provided in 
Tables I and II. 

25 

TABLE I 
Compounds of formula I 
where A is and Q is Z ± 



Example 


Ri 


R 2 


F°C 


Salt 


7 


CI 


H 


221-223 .5 


2 HC1 


8 


F 


F 


112-119 


base 



30 
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TABLE II 
Compounds of formula I 
where A is s Cii " and Q is Z 2 



Example 


R 3 


F°C 


Salt 


9 


OCH3 


108-112 


base 



5 



The procedure for obtaining derivatives of general formula 
III, where Liv is a tosylate group, is provided below by way 
of example. 

10 EXAMPLE A 

1- (2 , 2 -dimethylpropyl ) -4- (tosyloxymethyl) -2 -pyrrol idone . 
a) 1- (2 , 2 -dimethylpropyl) - 4 -methoxycarbonyl - 2 -pyrrol idone 

15 

Dimethyl itaconate (158 g; 1 mole) was added to a solution 
of neopentylamine (87 g; 1 mole) in methanol (50 ml) cooled 
to between 8 and 16 °C. 

2 0 The reaction was stirred overnight at ambient temperature 
and the solvent was then evaporated under vacuum. The 
residue was distilled under reduced pressure: BP (0.5 mm): 
111°C, 160 g (75%) was obtained. 

2 5 b) 1- (2 , 2 -dimethylpropyl) -4- (hydroxymethyl) -2 -pyrrol idone 

A solution of the substance obtained in the previous stage 
(130 g; 0.61 mole) in methanol (900 ml) was cooled to 6°C. 
Sodium borohydride (118 g; 3.1 mole) was added in small 
30 quantities, to contain the reaction, at a temperature of 
between 6 and 20°C. After addition the reaction was left for 
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12 hours at ambient temperature, and then raised to 55°C for 
1 hour. The reaction medium was then concentrated, taken up 
in water and extracted with dichloromethane . The organic 
phase was dried and then evaporated. The residue was 
5 distilled, BP/0.5 = 154°C, yielding 70.7 g (62%) of product. 

c) 1- ( 2 , 2 -dimethylpropyl ) -4- (tosyloxymethyl ) -2 -pyrrol idone 

Para-toluene sulphonic acid chloride (76.4 g; 0.4 mole) was 
10 slowly added to a solution of the alcohol obtained in the 
previous stage (67.7 g; 0.366 mole) in pyridine (75 ml). 
After 12 hours stirring at ambient temperature the reaction 
medium was diluted with dichloromethane and then poured onto 
a solution of iced 6N hydrochloric acid (100 ml) . The 
15 organic phase was decanted off, dried (Na 2 S0 4 ) , and 
concentrated under vacuum. The residue was crystallised from 
isopropyl ether and collected by filtration: 109 g (88%) 
were obtained, MP = 91°C. 

20 EXAMPLE B 

Laevorotatory 1- (2 , 2 -dimethylpropyl) -4 -tosyloxymethyl -2- 

pyrrol idone 

2 5 a) 1- (2 , 2 -dimethylpropyl ) -4 -carboxy- 2 -pyrrol idone 

The ester obtained in example A a) (23.5 g; 0.11 mole) was 
dissolved in a solution of sodium ethylate obtained from 
2.6 g of sodium and 90 ml of ethanol . Water was added 
30 (25 ml) . After 24 hours stirring, ether (150 ml) was added 
to the suspension. The insoluble material was dried out then 
dissolved in water. The solution was acidified with 
hydrochloric acid. The solid which precipitated out was 
drained, then dried under vacuum in the presence of P 2 0 5 . MP 
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(Inst.) = 93-97°C. 

b) La e vo rotatory 1- (2 , 2 -dimethylpropyl ) -4 -carboxy-2 - 

pyrrol idone 

5 

The acid obtained in the previous stage (25 g; 0.125 mole) 
and quinine (40.7 g; 0.125 mole) were refluxed in a mixture 
of ethyl acetate-ethanol (600 ml) (13/1) . The solid obtained 
after cooling was recrystallised four times from a mixture 
10 of ethyl acetate-ethanol (10:1). 

The salt obtained (18.5 g) was suspended in water (200 ml). 
The medium was acidified with 35 ml of concentrated 
hydrochloric acid, and then extracted with dichloromethane . 
15 The organic phase was dried, then evaporated to yield a 
solid (6.6 g) . MP = 140-159°C. 

[al 3 = -12.8° (c=4, ethanol) . 

20 The dextrorotatory isomer can be obtained from the mother 
liquors of the first crystallisation by evaporating the 
filtrate to dryness and recrystallising from a mixture of 
ethanol -water . 

2 5 c) Laevorotatory 1- (2 , 2 -dimethylpropyl) -4-hydroxymethyl-2- 
pyrrol idone 

The optically active acid obtained in the previous stage 
(3.3 g) suspended in 15 ml of THF was added to a suspension 
30 of NaBH 4 (0.76 g) . After one hour's stirring at ambient 
temperature a solution of iodine (3.1 g) in 10 ml of THF was 
added dropwise. After 1 hour's stirring the medium was 
hydrolysed with a solution of 3N hydrochloric acid (10 ml) . 
Insolubles were removed by filtration and the filtrate was 
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evaporated to dryness. The residue was taken up in 
dichloromethane, washed with water and then in a saturated 
solution of NaCl . After drying the solvent was evaporated. 
The residue was purified by chromatography on a Si0 2 column 
5 using an ethyl acetate-methanol system (9:1) as eluent : a 
solid product was obtained. MP = 44-50°C. 

[a]^ 4 = -18.25° (c=4, ethanol) . 

10 d) Laevorotatory 1- (2 , 2 -dimethylpropyl ) -4-tosyloxymethyl-2- 
pyrrolidone 

The product was obtained under the same conditions as those 
described in example Ac). A solid was obtained. MP = 85- 
15 98.5°C. 

Hd 4 = -4.2° (c = 4, EtOH) . 

The results of pharmacological tests showing that compounds 
20 of formula I are capable of opposing the effects of 
serotonin in vitro and in vivo will be provided below. They 
also show that they are capable of opposing hypersensitivity 
reactions or capillary hyperpermeability reactions which are 
models for allergic reaction. 

25 

Activity in vitro: isolated reserpinised rabbit aorta. 

The test was carried out in accordance with the method by E. 
Apperley [Br. J. Pharmacol., (1976), 56, 211-221]. The 
30 isometric contraction curves were obtained for cumulative 
doses of serotonin in the absence of and then in the 
presence of antagonists at 3 different concentrations. The 
results were expressed as pA 2 (Table III) obtained from the 
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Schild line. pA 2 represents the affinity of the compounds 
for the 5HT 2 receptor. It is equivalent to the logarithm, of 
opposite sign, of the molar concentration of antagonist 
which requires doubling of the concentration of agonist to 
5 obtain the same level of contraction of the aorta as in the 
absence of antagonist. 

TABLE III 



Activity on an 


isolated organ 


Examples 


pA 2 


2 


8.75 


3 


8.50 


4 


9.18 


5 


9.41 


6 


8 .22 


7 


7 . 72 


8 


7 .33 


9 


7 .34 



In vivo activity, amyelinated rats 

Arterial hypertension induced by a dose of serotonin (30 
15 (Jg/kg i.v.) in the presence of antagonists (administered 
i.v. in cumulative doses) was investigated in amyelinated 
rats using the method of Gillespie and Muir. The results are 
shown as ED 50 , the dose of antagonist which reduces the 
hypertension induced by serotonin by 50% (Table IV) . 

20 
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TABLE IV 

Inhibition of serotonin- induced hypertension 
in amyelinated rats 



Examples 


pA 2 


2 


0.03-0.1 


3 


0.03 


4 


0.001 


5 


0.001 


6 


0.1 


7 


0.03-0.1 


8 


0.1 


9 


0.003 



5 

Capillary hyperpermeability 

The serotonin- induced papule test was carried out using the 
method by M.L. Cohen [Life Sciences, (1989), 44, 957-961]. 

10 

Administration of serotonin (0.3 (ig) via an intradermal 
abdominal route in Wistar rats brought about plasma 
extravasation revealed by i.v. Evans blue and quantified by 
determining the dye in the papule. The product under 
15 investigation was administered i.p. 20 minutes before the 
injection of serotonin and 40 minutes after the removal of 
papules. These were placed in formamide for 24 hours at 
64°C. 

20 After centrifuging the optical density of the supernatant 
was measured at 620 nm. The results are expressed as 
percentage inhibition of extravasation. 
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TABLE V 

Inhibition of serotonin- induced capillary hyperpermeability 



Examples 


i.p. Dose 
trig/kg 


Inhibition 
% 


2 


3 


63 *** 


3 


3 


41 * * * 


4 


0.03 


69 *** 


5 


0.03 


76 *** 


6 


0.01 


52 *** 


7 


3 


89 *** 


8 


3 


70 *** 


9 


1 


47 * * * 



p < 0.05 
p < 0.01 
p < 0.001 



Student's t test 



Passive cutaneous anaphylaxy 

10 

The test was carried out using the method by E. Bitteau [J. 
Pharmacologie Paris, (1979) , 10, 69-72] . Wistar rats were 
sensitized by the injection of antialbumin antibody via an 
intradermal abdominal route. 72 hours later they received 

15 albumin intravenously. Plasma extravasation was revealed as 
in the test described previously through the administration 
of Evans blue and the sampling of abdominal papules 3 0 
minutes later. The results are expressed as the inhibition 
of plasma extravasation induced by i.p. injection of the 

20 substances under test 30 minutes before the administration 
of albumin. 
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TABLE VI 

Inhibition of albumin- induced passive cutaneous anaphylaxis 





i.p. Doses 


Protection as 




trig/kg 


percentage 


Example 4 


0.1 


0 




0.3 


41% 




1 


61% 



5 Compounds of formula I also have antagonistic activity on 
serotonin receptors in the central nervous system. This 
activity is revealed by the following test: 

Inhibition of 5HTP syndrome 

10 

Administration of 5-hydroxytryptamine and carbidopa causes a 
considerable rise in the cerebral concentration of 
serotonin. Rats so treated showed stereotypic behaviour 
(head shaking) associated with the activation of 5HT 2 
15 receptors. Inhibition of this stereotypical behaviour by the 
substance under test is expressed as a percentage. The 
results are gathered together in Table VII. 

TABLE VII 

2 0 Inhibition of 5HTP syndrome 



Examples 


i.p. Dose 
mg/kg 


Inhibition as 
percentage 


2 


0.3 


56 ** 


3 


0.3 


75 *** 


4 


0.01 


83 *** 


5 


0.003 


61 * 


6 


0.03 


55 * 
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* : P < 0.05 ^| 

** : p < 0.01 I Student's t test 

*** : p < 0.001 J 

5 The compounds according to the invention oppose the effects 
of serotonin at 5HT 2 receptors. 

The compounds are active in animals, in particular on 
allergy models, and also have central activity. 

10 

The compounds according to the invention may therefore be 
useful for the treatment of allergies, asthma, hypertension, 
disturbances associated with microcirculation such as 
Raynaud's syndrome and the formation of oedema, and also for 
15 the treatment of migraine, depression and anxiety. 

The compounds may be administered to humans either enterally 
or parenterally in daily doses of 1 to 500 mg. 
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CLAIMS 

1 - Compounds of formula 



5 




in which: 

- A is a 5®" nitrogen atom and Q then represents a 
diphenylmethylene group Z 1 

10 




in which Ri and R 2 are chosen independently of each other 
15 from a hydrogen atom and a halogen atom, 

- or A is a group, and Q then represents either a 

phenylcarbonyl group Z 2 or a diphenylcarbinol group Z 3 



Z 2 
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in which R 3 is selected from a hydrogen atom, a halogen atom 
and a C1-C3 alkoxy group 

Z 3 

5 

in which Ri and R 2 have the same meanings as previously, 
and their salts with pharmaceutically acceptable acids. 

10 2 - Compounds of formula I according to claim 1 in which A 
represents a ^ I group and Q a Z 2 group, R 3 being a halogen 
atom. 

3 - Compounds of formula I according to claim 2 in which R 3 
15 is a fluorine atom. 




4 - Process for the preparation of a compound according to 
claim 1, comprising of performing a condensation between a 
compound of formula: 




in which A and Q have the meanings given in claim 1, 
with a pyrrolidone derivative of formula: 
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in which Liv is a detachable group. 



5 5 - Therapeutic composition comprising a compound according 
to any one of claims 1 to 3 as the active ingredient. 



